Abstract. The ESP II Culture System (ESP II), a broth-based culture system, has been modified and optimized for culturing Mycobacterium avium subsp. paratuberculosis (M. paratuberculosis) in animal feces since 2000. Conventional and real-time polymerase chain reaction (PCR) assays based on the IS900 sequence were performed as confirmatory tests for M. paratuberculosis in ESP II liquid culture medium. There were no differences between test results of conventional and real-time PCR assays. During the 5-week incubation period, if acid-fast bacilli (AFB) were detected in ESP culture-positive samples, IS900 PCR assays were performed to confirm whether those AFB were M. paratuberculosis. At the end of the 5-week incubation, AF staining was performed on all ESP II-negative cultures to screen any false-negative cultures; IS900 PCR assays were performed on AFB-positive cultures. During a period of 1 year, of a total of 18,499 ESP II cultures, 2,814 (15.2%) PCR confirmation assays were performed. Of those, 2,259 (80%) were both ESP and PCR positive; 104 (4%) were ESP positive and PCR negative; 423 (15%) were ESP negative and PCR positive; 28 (1%) were both ESP and PCR negative. The AF-staining step after the 5-week incubation produced 423 (15%) more PCRpositive cultures. Of a total of 2,814 AFB-positive cultures, 132 (5%) were not confirmed as M. paratuberculosis. Further studies are needed for speciation of non-M. paratuberculosis isolates.
Paratuberculosis, Johne disease, is 1 of the economically significant animal diseases affecting a wide variety of domestic and wild animals including cattle, sheep, goats, deer, bison, camels, and other ruminants. 3, 6 The annual economic loss in herds positive for Johne disease was estimated to be $100-200 per cow depending on the level of clinical signs. Losses incurred by the US dairy industry because of the disease are estimated between $200 and 250 million annually. 13 Mycobacterium avium subsp. paratuberculosis (M.
paratuberculosis), the etiological agent of Johne disease, are rod-shaped, acid-fast (AF), fastidious organisms. They are 1-2 m by 0.5 m in size. 7 Most of the M. paratuberculosis strains lack mycobactins, high-molecular-weight complex lipids that are involved in iron utilization. As a result, most of the M. paratuberculosis strains require mycobactin supplements for in vitro culture. Mycobactin dependency has been considered an important factor for identification of M. paratuberculosis together with typical morphological characteristics of colonies on solid medium. 1 However, the detection of M. paratuberculosis has been extremely difficult because of slow growth and fastidious nutritional requirements. The long generation time of M. paratuberculosis requires up to 20 weeks to produce visible colonies on solid medium composed mostly of Herrold egg yolk (HEY) agar. An additional incubation of several weeks is needed to demonstrate dependency on mycobactin by subculturing on medium with and without mycobactin. The current ''gold standard culture method'' may require up to 4 months for isolation and identification of M. paratuberculosis from bovine feces on solid media. For many years, several investigators have reported rapid detection of M. paratuberculosis by using radiometric broth media compared with conventional culture methods. 4, 5, 19 Enhanced radiometric detection of M. paratuberculosis was reported to be more sensitive and quicker compared with the conventional culture methods. However, because of the use of radioisotopes, radiometric detection methods require dealing with various safety and regulatory issues. Recently, several nonradiometric systems have become available for mycobacteria. 8, 12, 16 The ESP Culture System II (ESP II) a is a nonradiometric, automated, continuously monitoring system for the growth and detection of microorganisms. The technology is based on monitoring pressure changes in the headspace by either gas production or gas consumption due to microbial growth. 17, 21 Use of ESP II for the detection of M. paratuberculosis has been reported recently. 15 Comparison studies of ESP II and the standard solid (HEY) medium culture method reported that ESP II detected M. paratuberculosis in bovine feces in less time (5 weeks vs. 20 weeks) and with a greater sensitivity (number of detected positive samples increased by 13%). However, broth-based culture systems, including ESP II, require thorough identification and confirmation procedures because they do not provide the valuable information on typical morphological characteristics (i.e., nonpigmented rough colonies) and mycobactin dependency of M. paratuberculosis as provided by the solid medium culture system. The purpose of this study was to establish a standard procedure for detection and confirmation of M. paratuberculosis in ESP II by conventional b or real-time IS900 polymerase chain reaction (PCR), c or both.
Each fecal sample was processed by the double-incubation method. 14 Two grams of each homogenized fecal sample was thoroughly mixed in 35 ml of sterile distilled water. The suspension was allowed to stand for 30 minutes at room temperature. From the upper portion of the supernatant, 5 ml was transferred and mixed with 25 ml of half-strength brain-heart infusion broth (BHI) containing 0.9% hexadecypyrimidinium chloride. The fecal sample was incubated overnight at 37 C. The sample was harvested by centrifugation at 3,000 ϫ g for 20 minutes. The pellet was resuspended in 1 ml of half-strength BHI containing VAN d (vancomycin, amphotericin B, nalidixic acid at 100 g, 100 g and 50 g/ml, respectively) and incubated overnight at 37 C. Finally, 1 ml of each processed sample was added to a culture bottle. The ESP II culture was prepared as described previously with some modifications. 10 Each culture bottle containing 11.5 ml of ESP para-JEM Broth e was supplemented with 1 ml of ESP para-JEM GS, e 1 ml of ESP para-JEM EYS, e and 500 l of ESP para-JEM AS. e Incubation continued until a positive signal was detected by ESP II or for a maximum of 5 weeks.
Deoxyribonucleic acid (DNA) for the PCR template was isolated as described previously with modifications. 10 For cultures from ESP II, after vortexing for 1 minute to release M. paratuberculosis cells from sponges in the culture bottle, 200 l of suspension was transferred to a microcentrifuge tube and 1 ml of phosphate-buffered saline was added. The culture suspension was centrifuged for 10 minutes at 16,000 ϫ g, and the supernatant was discarded. Deoxyribonucleic acid isolation from the pellet was performed using a commercial kit f according to the manufacturer's protocol. The cell pellet was suspended in 180 l of Buffer ATL f by repeated pipetting. The suspension was incubated with proteinase K (2 mg/ml) at 55 C for 1 hour or until the cell suspension was completely lysed. With 200 l of Buffer AL f added, the lysate was incubated at 70 C for 10 minutes to complete digestion. After 200 l of ethanol was added, the entire mixture was loaded on a DNeasy mini column and centrifuged for 1 minute at 6,000 ϫ g. The column was washed once with Buffer AW1 f and AW2 f , respectively, and the DNA was eluted with 100 l of Buffer AE f .
Conventional PCR was performed using the primers described previously. 10, 18 To explain briefly, 2.5 l of DNA sample was added to 22.5 l of reaction mixture containing 20 mM Tris-hydrochloride (pH 8.4), 50 mM KCl, 3.0 mM MgCl 2 , 200 M each of deoxynucleoside triphosphate, 0.4 M each of primer and 1.25% dimethyl sulfoxide, and 1.25 U of Taq DNA polymerase. Polymerase chain reaction amplifications were performed with the following conditions: 1 cycle of denaturation at 94 C for 4 minutes, 35 cycles of denaturation at 94 C for 30 seconds, annealing at 65 C for 30 seconds, extension at 72 C for 60 seconds, and 1 cycle of final extension at 72 C for 10 minutes in a Gen Amp PCR Systems 9600/9700. Polymerase chain reaction products were analyzed by electrophoresis on 2% (wt/vol) agarose gels stained with ethidium bromide.
Real-time PCR for M. paratuberculosis was performed using the ABI 7700 Sequence Detection System as described previously. 10 The primers and probes were designed for use with a quantitative PCR system to detect the IS900 sequence specific for M. paratuberculosis. The internal probe (5Ј-TCC ACG CCC GCC CAG ACA GG-3Ј) was labeled with the fluorescent reporter dye 5-carboxyfluoroscein on the 5Ј end and the quencher dye NЈ,NЈ,NЈ,NЈ-tetramethyl-6-car- The sensitivity was assessed in parallel with serial dilutions of standard genomic DNA equivalent to 10 6 CFU/ml to 1 CFU/ml (left to right curve). The detection limit of IS900 real-time PCR was 10 CFU/ml. B, agarose gel electrophoresis of conventional PCR products obtained from the same serial 10-fold dilutions for real-time PCR. The detection limit of conventional PCR was 10 3 CFU/ml. boxyrhodamine on the 3Ј end. The PCR mixture consisted of 300 nM primers, 50 nM TaqMan Probe, 200 nM each of deoxyadenosine triphosphate, deoxycytidine triphosphate, and deoxyguanidine triphosphate, 400 nM deoxyuridine triphosphate, 3.5 mM MgCl 2 , 0.025 U/l AmpliTaq Gold, 0.01 U/l AmpErase UNG, and 1X TaqMan Buffer A. Amplification and detection were performed on the ABI 7700 system with the following profile: 1 cycle of 50 C for 2 minutes, 1 cycle of 95 C for 10 minutes, 40 cycles of 94 C for 25 seconds, and 66 C for 1 minute. Quantitation of the amount of target in the unknown samples was accomplished by measuring the threshold cycle (C T ) and using a standard curve prepared with a series of known quantities of the target sequence. The C T is defined as the cycle number at which the copy of the amplified target sequence passes the threshold or baseline.
The sensitivity of the conventional and real-time PCR for M. paratuberculosis is given in Fig. 1 . The sensitivity was assessed in parallel with serial dilutions of standard genomic DNA equivalent to 1-10 6 CFU/ ml. The detection limit of IS900 real-time PCR was 10 CFU/ml (Fig. 1A) , whereas that of the conventional PCR was 10 3 CFU/ml (Fig.1B) . Although a weak band of PCR product was observed at 10 2 CFU/ml with the conventional PCR, a more distinctive band was observed at 10 3 CFU/ml. There was about a 100-time difference in sensitivity between the 2 PCR assays; however, the sensitivity of the conventional and realtime PCR does not affect the outcome of confirmation of M. paratuberculosis by either PCR method when used in conjunction with ESP II. This is because the PCR confirmation was performed after weeks of incubation until the ESP II culture was positive or up to 5 weeks. When the ESP culture was positive or AF bacilli (AFB) positive or both, 95% of the ESP cultures contained at least 10 4 CFU/ml of M. paratuberculosis (Table 1) . About 90% of the ESP-positive and AFB-positive cultures contained greater than 10 5 CFU/ ml, whereas only 79% of the ESP-negative and AFBpositive cultures had that same amount. Regardless of the ESP culture being positive or negative, once it was AFB positive, about 95% of the cultures contained greater than 10 4 CFU/ml. These numbers of M. paratuberculosis were at least 1 or 2 orders of magnitude greater than the detection limit by conventional and real-time PCR assays. When the cell number was less than 10 3 CFU/ml by real-time PCR, the identification of those AFB as M. paratuberculosis was inconclusive because the presence of some other mycobacteria could have affected the assay. 10 The confirmation procedure of the ESP II culture samples is as shown in Fig. 2 . After inoculation with the processed samples, the ESP para-JEM Broth bottle was attached with a connector and placed in the ESP II instrument. Positive cultures (ESP positive) were detected by the instrument on the basis of a special algorithm detecting oxygen consumption by mycobacteria. When the presence of AFB in the ESP-positive bottle was detected by staining, PCR confirmation was performed. When no AFB were found in the ESPpositive bottle, the ESP bottle was further incubated until it was found to be ESP positive or up to a total of 5 weeks. For all culture bottles without a positive signal (ESP negative) after 5 weeks of incubation, AF staining was performed to determine the presence of AFB. Polymerase chain reaction confirmation was performed on all AFB-positive cultures. In the end, all AFB-positive cultures, regardless of being ESP positive or negative, were confirmed by PCR. Acid-fast staining was performed according to a manufacture's instructions. g Briefly, after ESP culture bottles were vigorously shaken by vortexing for 1 minute to release bacterial cells, 2 drops (approximately 50 l) of each culture was smeared and fixed on a slide glass. Acidfast staining was performed using an automated AF bacteria staining system. g The results of the PCR confirmation of the ESP II cultures are shown in Table 2 gordonae, and other mycobacteria including M. terrae. 11 A similar observation was reported that M. tuberculosis and the MAC species account for more than 90% of human mycobacterial isolates. 20 Differences in mycobacterial populations of bovine and human specimens could not be evaluated not only because the test results were on the basis of different specimens and procedures of decontamination and culture but also because the information on other mycobacteria in bovine feces is scarce. Further studies are needed to address these issues, including simultaneous infection with other mycobacteria. In particular, studies on MAC organisms will provide valuable information to assess the level of coinfection in bovine specimens. Because MAC organisms are ubiquitous, opportunistic pathogens, they can be isolated from natural sources, including water, soil, and plants. Thus, the MAC might be the most commonly found mycobacteria in bovine specimens. The MAC is a serological complex of 28 serovars of 2 species, M. avium and M. intracellulare. On the basis of phenotypic properties and nucleic acid studies, M. avium are grouped into 3 subspecies, M. avium subsp. avium, M. avium subsp. paratuberculosis, and M. avium subsp. silvaticum. Mycobacterium avium complex organisms cause infections and clinical disease in a wide variety of animals and in humans. 2, 9 In summary, of a total of 18,499 fecal cultures, 2,814 IS900 PCR assays were performed on AF-positive cultures. Of the 2,814 assays, 2,682 (95%) were IS900 PCR positive for M. paratuberculosis, and 132 (5%) were negative. When the ESP culture system signaled a culture as positive, there was sufficient cell mass to confirm the presence of M. paratuberculosis in the culture bottle by IS900 PCR. In most cases (Ն95%), the cell numbers were at least 10 4 CFU/ml or greater, which were 1-2 orders of magnitude greater than the sensitivity of IS900 conventional and realtime PCR assays. However, there were some cases that the ESP culture system failed to signal, even when sufficient M. paratuberculosis cells were present. To avoid these false-negative cultures, all culture-negative bottles were stained to determine the presence of AFB at the end of the 5-week incubation; this additional staining step resulted in detecting 15% more positive cultures than just testing ESP-positive cultures. Therefore, it appeared to be important to perform AF staining on entire culture-negative bottles to screen falsenegative cultures. About 5% of AFB-positive cultures were IS900 PCR negative, suggesting that other mycobacteria were present. These preliminary results suggest that the majority were neither MAC nor M. avium. Further studies are needed to address the issues concerning the possibility of the presence of other disease causing mycobacteria in bovine samples. 
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